The plant hormone abscisic acid and the transcriptional activator VIVIPAROUSl have a synergistic effect on transcription during embryo development. An abscisic acid-responsive element (ABRE) mediates induction by abscisic acid and VlVlPAROUSl, but the mechanism involved has not been determined. In this study, we explore the interaction between abscisic acid and VIVIPAROUSl and its effect on the ABRE from the maize rab28 gene. In transient transformation experiments, abscisic acid stimulated transcription via several elements, whereas activation by VIVIPAROUSl was mediated exclusively through the ABRE. In vivo footprinting showed only minor differences in binding to the ABRE between wild-type and VlVlPAROUSl -deficient embryos, suggesting that VlVlPAROUSl stimulates transcription through the ABRE without major changes in protein-DNA interactions. A factor that bound to the ABRE in electrophoretic mobility shift assays was present at the same developmental stages as rab28 mRNA and had binding characteristics similar t o those observed by in vivo footprinting. This suggests that the factor binds t o the ABRE in the rab28 promoter in vivo. We discuss the constraints that our results put on the possible mechanism for action of VlVlPAROUSl in vivo.
INTRODUCTION
The plant hormone abscisic acid (ABA) is a regulator of gene expression during embryo maturation (reviewed in Giraudat et al., 1994) . ABA also plays a critical role in the response of vegetative tissue to stresses, such as drought, cold, and high salt concentrations (reviewed in lngram and Bartels, 1996) . Studies of the promoters of ABA-responsive genes have revealed an ABA-responsive element (ABRE) with the core sequence ACGT capable of mediating ABA-inducible transcription (Marcotte et al., 1989; Mundy et al., 1990) . The ABRE is homologous to the G-box (Izawa et al., 1993) , which is implicated in the response to various environmental stimuli, such as light (Giuliano et al., 1988) , UV light (Weisshaar et al., 1991) , and anaerobiosis (McKendree and Ferl, 1992) . A variety of basic leucin zipper (bZIP) transcription factors binds to the element in vitro, but none has yet been shown unambiguously to mediate induction by ABA in vivo (Lu et al., 1996) .
The bases flanking the ACGT core of the ABRE play a crucial role in protein binding in vitro (Izawa et al., 1993) and affect the function in vivo (Salinas et al., 1992; . However, the available data favor a model in which Current address: Afdeling for Plantebiokemi, Den Kongelige Veterinaer-og Landbohajskole, Thorvaldsensvej 40, 1870 Frederiksberg C, Denmark. *To whom correspondence should be addressed. E-mail mptgmmQ cid.csic.es; fax 34-3-2045904. the synergistic action of the ABRE together with other elements is necessary for the specificity of ABA-inducible promoters (Shen and Ho, 1995; Shen et al., 1996) .
Genetic studies with maize have shown that mutants in the seed-specific developmental activator VIVIPAROUSl (VP1) have reduced sensitivity to ABA and do not express several ABA-inducible genes (reviewed in McCarty, 1995) . In addition, ectopic expression of the ABA-insensitive VP1 homolog AB13 from Arabidopsis results in the induction of otherwise seed-specific genes in response to ABA in vegetative tissues (Parcy et al., 1994) .
Expression of the ABA-inducible genes Em and rab28 in the maize embryo is controlled by VP1 (McCarty et al., 1991; Pla et al., 1991) . However, VP1 is present at earlier developmental stages than are rab28 and Em mRNA. Therefore, other developmental cues are necessary for the expression of these genes. Transcription of the rab28 and Em genes is low or absent in VPl -deficient embryos but can be induced by high concentrations of exogenously applied ABA (Pla et al., 1991 ; Williamson and Scandalios, 1992) . Promoter analysis has shown that there is a synergistic effect of ABA and VP1 on the ABRES of Em (Hattori et al., 1995; Vasil et al., 1995) . This effect mimics the developmental regulation of Em. The ABRE could also be important for the regulation of rab28, because a sequence of 134 bp with a putative ABRE is sufficient for induction by ABA of the rab28 promoter (Pla et al., 1993) . Therefore, the ABRE is central for control of The putative elements are enclosed in boxes. Numbering is relative to the transcription start point.
gene expression in the embryo. An understanding of how VPl and ABA stimulate transcription through the ABRE will give important information about the regulation of embryogenesis.
In vitro, VPl stimulates binding of the bZlP transcription factor EmBP-1 to the ABRE, probably by a transient or unstable interaction with the DNA (Hill et al., 1996) . However, VP1 enhances binding in vitro of different classes of plant and animal transcription factors to their target sites in an apparently unspecific manner. Therefore, it remains to be determined how VP1 stimulates transcription through the ABRE in vivo.
We have used the rab28 promoter as a model system to understand the stimulation of transcription by VP1 and ABA via the ABRE. VP1 and ABA induced transcription through the two ABREs of the rab28 promoter in transient transformation assays in the same way as has been shown for Em.
In vivo footprinting in wild-type and VP1 -deficient embryos showed that protein binding to the ABREs is independent of VP1. However, there was a minor enhancement of the footprint in the presence of VP1. These results suggest that VPl activates transcription via the ABRE, mainly by a mechanism that does not involve changes in protein-DNA interactions. The activity of an ABRE binding factor (ABF) from nuclear extracts correlated with the developmental expression of rab28. This factor could be binding to the ABREs of rab28 in vivo and mediating induction by VP1 and ABA.
RESULTS

VP1-and ABA-lnducible Elements in the rab28 Promoter
The sequence from 60 to 193 bp upstream of the transcription start of the rab28 gene is sufficient to confer inducibility by ABA on a cauliflower mosaic virus 35s -90 to +35 promoter in rice protoplasts (Pla et al., 1993) . Four putative ABA-inducible elements present in this sequence are depicted in Figure 1 . ABRE A binds nuclear proteins from embryos and leaves and was postulated to be involved in the ABA response of rab28 (Pla et al., 1993) . ABRE B is another putative ABRE in the rab28 promoter. In addition, there is a sequence with similarity (seven of 12 bases) to the GRA element from the maize rab77 promoter ) and a sequence with 10 of 12 bases identical to the coupling element CE3 from the HVA7 promoter from barley (Shen et al., 1996) .
To define the function of these elements, we performed transient transformation of maize embryonic callus with the rab28 promoter construct pMP130 (Pla et al., 1993) . The inducibility by ABA of the wild-type construct and mutants of each of the two ABREs (ABRE A-and ABRE B-), the double mutant (ABRE A-B-), and a GRA mutant (GRA-) and a CE3 mutant (CE3-) was tested, and the results are presented in Figure 2 . In callus, the ABRE A-construct conferred weak induction by ABA compared with that of the wild type, showing that ABRE A is functional. In contrast, the ABRE Bconstruct had almost the same inducibility as the wild type did. Disruption of both of the ABREs (ABRE A-B-) abolished the activity of the promoter. The GRA-and CE3-constructs had lowered inducibility, but it was not as low as that of ABRE A-.
The developmental activation of rab28 depends on VP1 but can be partially overcome by exogenous ABA (Pla et al., 1991) . We wanted to test whether VP1 enhances transcription through the four elements described above. Cotransformation of a VPl expression plasmid with the rab28 promoter stimulated transcription ( Figure 2 ). In addition, as shown in Table 1 , induction by ABA and VPl was cooperative. Figure 2 by dividing the activity of the construct when cotransformed with VP1 by the activity of the construct without VP1. b WT, wild type; A ,ABREA-;B , ABRE B .
In the presence of VP1, the activities of ABRE A" and ABRE B were much lower than the activity of the wild-type promoter, suggesting that the ABREs mediated induction by VP1 ( Figure 2 ). The two mutated constructs showed the same reduction in inducibility by VP1, suggesting that VP1 regulated transcription through ABRE A and ABRE B by using the same mechanism (Table 1) . Curiously, VP1 repressed transcription of the ABRE A and ABRE B constructs in the absence of ABA. A construct with ABRE A and ABRE B in front of the 35S promoter demonstrated that the sequence of the ABREs was sufficient for induction by ABA and VP1, although the level of expression was much less than that of the wild-type construct ( Figure 2 ). Without ABA, CE3 was less inducible by VP1 than was the wild type, but twice as inducible as ABRE A and ABRE B (Table 1 ). In the presence of ABA, GRA and CE3 had the same fold of induction by VP1 as did the wild-type construct.
In Vivo Footprinting of the rab28 Promoter in Wild-Type Embryos
To investigate whether the results obtained by expression of the rab28 promoter in callus were relevant for the developmental activation of rab28, we performed in vivo footprinting of the rab28 promoter in embryos 28 days after pollination (DAP). In these embryos, the rab28 gene is developmentalê xpressed (Pla et al., 1991; Niogret et al., 1996) . Figures 3A and 3B show that there was a footprint on ABRE A, with protection of the guanines in the central sequence (CACGTG) and hypersensitivity of the flanking guanines. The protections were almost complete, showing that there was strong binding to the element. Qualitatively, the same footprint was observed on ABRE B; however, on this element, the central bases were less protected, indicating a lower affinity for the factor. The weaker footprint on ABRE B is in accordance with the activity of the ABRE B construct in transient transformation. There were no changes in the footprints on the two ABREs in excised embryos incubated for 24 hr with ABA, whereas the footprint on ABRE B We detected protein-DNA interactions on the two non-ABRE elements. CE3 had two protections and a clear hypersensitivity, whereas the footprint on the GRA was weak ( Figure 3A) . Thus, the in vivo footprinting showed that all four elements studied by transient transformation bound proteins in vivo.
In Vivo Footprinting in VP1-Deficient Embryos
By in vivo footprinting of the vp1 mutant, we were able to determine whether VP1 induces transcription of rab28 by enhancing protein binding to the two ABREs in the promoter. Figures 4A and 4B show that there was a clear footprint on ABRE A in VP1-deficient embryos. The footprint was slightly weaker than that in wild-type embryos, but the difference was at the limit of detection. This shows that VP1 had only a minor effect on protein binding to ABRE A in vivo.
On ABRE B, the footprint in the vp1 mutant was weaker than that in the wild-type embryos (Figures 4A and 4B) . The difference between the wild type and vp1 was clearest on the protected residue (-103) on the lower strand, which was more protected in the wild type than in the vp1 mutant (Figures 3A and 4A) .
In excised VP1-deficient embryos incubated with ABA, the protein-DNA interactions on ABRE A and ABRE B were weaker. Incubation of excised embryos in water clearly reduced the footprint on ABRE A, and the footprint on ABRE B almost disappeared ( Figures 4A and 4B , lanes A and W). This was different from the wild type and shows that VP1 deficiency leads to changes in the protein-DNA interactions on the ABREs in excised embryos.
Apart from the footprints, there are some differences in the sequence ladder of naked DNA (Figures 3A and 4A, lanes N) between the wild type and the vp1 mutant. These differences are found in the GRA and CE3 regions and are due to polymorphisms between the lines. The polymorphisms do not affect the regulation of the rab28 gene (Pla et al., 1991) .
A Developmental^ Regulated ABF Binds to the Two ABREs in the rab28 Promoter with Different Affinity
The different extent of protein binding to ABRE A and ABRE B in vivo could be caused by different affinities for an ABF or could be an effect of chromatin structure. Therefore, we performed electrophoretic mobility shift assays with nuclear extracts from embryos and oligonucleotides with the sequence of ABRE A or ABRE B.
As shown in Figure 5A All symbols are as given in the legend to Figure 3 .
that binding was specific. Unlabeled ABRE B competed less than did ABRE A, indicating that ABRE B had a lower affinity for the ABF. When ABRE B was used as a probe, the retarded complex was observed only upon long exposure ( Figure 5B ). Competition of this complex confirmed that an ABF from embryos bound better to ABRE A than it did to ABRE B. Extracts from VP1-deficient embryos formed the same retarded complex (P.K. Busk and M. Pages, unpublished data). As shown in Figures 6A and 6B , the ABF was present in nuclear extracts from 25-to 60-DAP embryos in which the rab28 gene was active. Only a weak band with the same mobility was observed in 14-DAP embryos in which rab28 was not transcribed ( Figure 6B ). However, extracts from 14-DAP embryos formed complexes with different mobilities, suggesting that other factors with a similar specificity are present in young embryos. The activity of the ABF was highest in 25-DAP embryos and decreased when germination was induced by incubating the embryos in water. However, high activity of the ABF was observed in extracts from embryos incubated with ABA. These results show that there is a positive correlation between expression of rab28 and the activity of an ABF.
DISCUSSION
Transactivation by VP1 through ABRE
VP1 potentiates the response to ABA in the maize embryo but is not an integrated part of the ABA signaling pathway (Hattori et al., 1992; Vasil et al., 1995) . Embryogenesis and ABA induce the catalasel gene independently of VP1, showing that VP1 does not activate all ABA-inducible genes (Williamson and Scandalios, 1992) . Hill et al. (1996) proposed that VP1 only regulates embryo-specific genes. However, expression of rab28 is clearly lower in the vp1 mutant, although the gene is not embryo specific (Pla et al., 1991) . In fact, both rab28 and the embryo-specific maize Em gene are dependent on VP1 for expression during normal seed development, but they can be induced by ABA in excised VP1-deficient embryos (Pla et al., 1991; Williamson and Scandalios, 1992) .
VP1 mediates activation through the ABREs of the promoters of the Em genes from cereals (Hattori et al., 1995; Vasil et al., 1995) in the same way as we show here forra628. Stimulation of transcription by VP1 of the Em gene promoters depends on an acidic activation domain, indicating that VP1 contacts the transcriptional machinery (McCarty et al., 1991; Hattori et al., 1995) . In addition, VP1 enhances binding of EmBP-1 to the ABRE in vitro (Hill et al., 1996) . A domain of VP1 rich in basic amino acids is necessary for this function and for induction of Em transcription. Here, we show that VP1 had little influence on protein binding to the ABREs of the rab28 promoter, as detected by in vivo footprinting. There was strong binding to the ABREs in the abscence of VP1. This observation excludes the possibility that VP1 is necessary for opening the chromatin structure of ABAinduced genes. Interestingly, EmBP-1 binds to the ABRE on nucleosomes and interacts with histone H1, suggesting that 14 25 37 60 H20 ABA 24hr 48hr24hr 48hr B
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EmBP-1 or related proteins could be responsible for providing and maintaining an open chromatin structure on ABREcontaining promoters (Niu et al., 1996; Schultz et al., 1996) .
Although it is possible that VP1 contacts the DNA, our data make it highly unlikely that VP1 binds by itself to the ABRE, which is in agreement with previous conclusions (McCarty et al., 1991) . In vitro, VP1 interacts transiently and unspecifically with DNA (Hill et al., 1996) . Proteins with these characteristics are difficult to detect by dimethyl sulfate (DMS) footprinting (Rigaud et al., 1991) . Therefore, it cannot be excluded that VP1 binds to the rab28 promoter, although we have been unable to attribute a footprint to binding of VP1. Suzuki et al. (1997) showed that the B3 domain of VP1 binds specifically to the SPH element of the C7 promoter. The B3 domain is not necessary for activation through the ABRE (Vasil et al., 1995) and does not bind specifically to this element. Therefore, the results obtained for the interaction of VP1 with the SPH element do not account for activation through the ABRE (Suzuki et al., 1997) .
The slight weakening of the footprint in the vp1 mutant points to VP1 as enhancing binding to the ABRE, as has been shown in vitro (Hill et al., 1996) . However, the weakened footprint could be caused by vivipary and the desiccation deficiency of the mutant without being related to the mechanism of VP1 action via the ABRE.
It has been proposed that VP1 binds indirectly to the ABRE by protein-protein interactions with the ABF or an associated factor (Hattori et al., 1995; Vasil et al., 1995; Suzuki et al., 1997) . In this scenario, VP1 functions as a coactivator that binds to a preformed promoter complex and stimulates transcription by means of its acidic activator domain (Hill et al., 1996) . Induction by a coactivator would be expected to result in the same protein-DNA interactions in the wild-type and VP1-deficient embryos, in agreement with the in vivo footprinting presented here.
The different effects of VP1 on protein binding to the ABRE observed in vivo and in vitro must be due to the different binding conditions. In the in vitro experiment, the effect of VP1 was assayed on free DNA and protein (Hill et al., 1996) . However, in vivo, there is near saturating binding to the ABRE in the absence of VP1. Proteins other than VP1 can enhance binding to the ABRE and could create a favorable environment for occupancy of the element in vivo (Schultz et al., 1996 (A) Electrophoretic mobility shift assay with probe A and nuclear extracts from different developmental stages. The age of the embryos in days is indicated above each lane. H 2 0, extract from embryos of mature seeds incubated in water for the time indicated; ABA, extract from embryos of mature seeds incubated in 100 LiM ABA for the time indicated. All binding reactions contained 45 pig of nuclear protein, except for 14-DAP embryos, for which 5 |xg of nuclear extract and 45 (xg of BSA were used. The retarded complex mentioned in the text is indicated by an arrow. (B) The same as given in (A) but with 5 ^g of nuclear protein and 50 n.g of BSA in each lane. The (-) indicates that no extract was added to the probe.
ABA, the footprint on the ABREs became weaker. Thus, under these conditions, binding does not seem to be saturating and is therefore more like the experiment of Hill et al. (1996) . Indeed, in excised embryos, the footprint on the ABREs was stronger in the wild type than it was in VP1deficient embryos, suggesting that VPI can have a positive effect on binding to the ABRE in vivo. One caveat of this conclusion is that excised vp7 embryos have a germination capability different from that of the wild type (Robertson, 1955) . The weaker footprints on the ABREs in excised VP1deficient embryos could therefore reflect the altered germination of the mutant rather than a direct effect of VPI deficiency.
Although we cannot exclude that different proteins bind to ABRE in the presence and in the absence of VPI, as proposed by Vasil et al. (1995) , our observations are not in agreement with this possibility. The similarity of the footprints on rab28 suggests that the same protein binds to the ABRE in the wild type and the vpl mutant. In addition, the same ABF was present in extracts from both wild-type and vpl embryos (P.K. Busk and M. Pagès, unpublished data).
There could be a competition of different proteins with identical binding specificity on the ABRE. In this case, VP1 would specifically enhance binding of one of the two proteins to the ABRE. This is not in accordance with in vitro experiments in which VP1 enhances binding of all of the DNA binding proteins tested (Hill et al., 1996) .
Developmental Activation of rab28 through ABRE
VP1 is necessary but not sufficient for developmental expression of rab28 because VP1 was detected in embryos as early as 10 DAP (McCarty et al., 1991) , whereas rab28 mRNA was not detected before 20 DAP (Pla et al., 1991; Niogret et al., 1996) . ABA is also involved in induction of rab28, but a comparison of rab28 expression in wild-type and ABA-deficient embryos showed that there is no clear correlation between the ABA level and the expression of rab28 (Pla et al., 1991) . The current data suggest that a developmental factor (the postabscission factor) is the primary inducer of genes expressed during late embryogenesis (Hughes and Galau, 1991; Giraudat et al., 1994) .
In our study, we found an ABF in nuclear extracts whose activity correlates with the expression of rab28. The factor disappeared in excised embryos but could be maintained by ABA in the same way as the in vivo footprint on the ABREs of rab28. Therefore, it is a likely candidate for binding to the ABREs of rab28. This is supported by the fact that ABF bound more strongly to ABRE A than to ABRE B, which is in agreement with the relative strength of the in vivo footprints. These correlations suggest that the factor is relevant for the regulation of rab28 in vivo, but additional work is required to clarify this point.
The factor is likely to belong to the bZlP family of transcription factors, because the pattern of protection and hy-persensitivity on the two ABREs of the rab28 promoter in vivo resembles the footprint of the bZlP proteins that bind to ACGT-containing cis elements (Lu et al., 1996) .
The correlation of the rab28 mRNA level with ABF activity but not with VP1 activity suggests that binding of ABF to the rab28 promoter is a prerequisite for stimulation of transcription by VPI. That transcription factors can regulate the activity of VPI -like proteins has been demonstrated in bean (Chern et al., 1996) . However, expression of rab28 could also be regulated by a coactivator or a repressor that modifies the interaction of VPl with the ABREs.
The disappearance of the ABF during germination suggests that it is embryo specific. It has been shown that ABRE A forms complexes of different mobility with nuclear proteins from embryos and leaves (Pla et al., 1993) . The embryo-specific factor could be the maize homolog of the wheat protein EmBP-1, whose cDNA was cloned from an embryo cDNA library and binds to the ABRE (Guiltinan et al., 1990) . The binding specificity of EmBP-1 (Niu and Guiltinan, 1994) is in agreement with a higher relative affinity for ABRE A than for ABRE B. Pla et al. (1993) showed that a fragment of 134 bp from the rab28 promoter is sufficient for induction by ABA in rice protoplasts. Here, we have delineated four sequences in the same fragment that conferred ABA inducibility upon a reporter gene in transient transformation in maize embryonic callus. In vivo footprinting of maize embryos confirmed the importance of the four elements investigated. The expression study should be interpreted carefully because of the transient character of the transformation data. However, the results seem to be relevant for regulation of rab28, but it cannot be excluded that sequences outside of the examined region are also important.
Regulation of rab28 by ABA
During precocious germination of excised embryos, the footprints became weaker but did not disappear, even though rab28 was not active (Niogret et al., 1996) . In the vp7 mutant in which only low levels of rab28 mRNA are present (Pla et al., 1991) , we observed the same footprints on the rab28 promoter as were found in the wild type. In addition, the footprints in the vpl mutant did not change during induction with ABA. These results suggest that ABA and VPI regulate rab28 by modification of a preformed promoter complex. The induction of rab28 by VPI has been discussed above. ABA could stimulate rab28 transcription via induced binding of a cofactor or by post-translational modifications, such as changes in protein phosphorylation. Both protein phosphatases (Leung et al., 1994; Meyer et al., 1994) and kinases (Knetsch et al., 1996) affect ABA-induced gene expression, indicating that ABA signal transduction involves phosphorylation and dephosphorylation events. Also, for the ABA-inducible gene rab77, there are footprints on the regulatory elements under uninduced conditions . These results indicate that a modification of a preformed promoter complex is of major importance for ABAinduced transcription.
The two ABREs in the rab28 promoter are necessary for both ABA-and VP1-mediated induction in embryonic callus. Although the data from transient transformation should be interpreted with care, the results are in accordance with the clear footprints on the two ABREs in embryos. In addition, in vivo footprinting of the rab28 promoter in callus gave the same results (P.K. Busk and M. Pagès, unpublished data) . In transient transformation, activation of the rab28 promoter by VPI was stronger in the presence than in the abscence of ABA. This synergism between VPI and ABA is typical of ABRUG-box-mediated transcription (Hattori et al., 1992 (Hattori et al., , 1995 Vasil et al., 1995) and mimicks the regulation in embryos. In embryos, the endogenous rab28 gene is less inducible by ABA in the vp7 mutant (Pla et al., 1991) .
We are unable to explain the negative effect of VPI on the activity of the ABRE A-and ABRE 6constructs. However, the effect was only seen without ABA. Under these conditions, the endogenous rab28 gene is not active in callus (M.-F. Niogret and M. Pagès, unpublished data) . The GRA element is an ABAand water stress-inducible element from the rab77 promoter . In this study, we found a sequence with 7 of 12 bp identical to GRA, which is involved in the ABA response and had a weak footprint in embryos.
The coupling element CE3 is present in the promoter of the barley gene HVA7, where it is necessary for induction by ABA (Shen et al., 1996) . In the rab28 promoter, the CE3-like element had a footprint in vivo, suggesting that it is involved in regulation of rab28. This is further supported by the importance of the element for induction by ABA in transient transformation. Shen et al. (1996) showed that CE3 together with an ABRE confer ABA inducibility upon a minimal promoter, whereas none of the elements functions alone. CEI and an ABRE from HVA22 also function together but cannot function alone (Shen and Ho, 1995) . These results together with our finding that a combination of two ABREs in front of a 35s promoter was ABA inducible suggest that a combination of the ABRE with any other ABA-inducible element is sufficient to determine ABA response. Puente et al. (1996) described a similar regulation controlling light-responsive transcription.
METHODS
In Vivo Footprinting and DNA Purification
Wild-type embtyos (Zea mays) of the pure inbred line W64A and homozygous viviparousl ( v p l ) mutants (Pla et al., 1991) were used for in vivo footprinting with dimethyl sulfate (DMS) within 15 min after excision from the cob or after 24 hr of incubation with 100 pM abscisic acid (ABA) or with water . The DNA was purified and cleaved at DMS-modified guanines .
Ligation-Mediated Polymerase Chain Reaction
Ligation-mediated polymerase chain reaction (LMPCR) was performed as described previously . Two millimolar MgS04 was used in all PCR steps.
The sequence of oligonucleotides for LMPCR of the transcribed strand in the wild-type W64A is (in the order of first primer, second primer, and third primer) h l , 5 '-CTACTACAGTACAGATCACGG-CTTG-3'; h2, 5'-AGCTGCCTCTTGAGACTTGATGGTG-3'; and h3, 5'-GCCTCTTGAGACTTGATGGTGAGTGTGG-3'. Another primer set was used for the vpl mutant due to differences in the sequence of the promoter and is as follows: h3 and h4, 5'-GGATCGTTGCGATTA-TATGCGGCGT-3'; and h5, 5'-TTGCGATTATATGCGGCGT(NG)-CGGGGAG-3'. For the nontranscribed strand, the oligonucleotides were i1 , 5'-ACACGCATGCCCTGATGCTC-3'; i2, 5'-CGGGAGCTT-CTTCATCCAGCTTG-3'; and i3,5'-CGGGAGCTTCTTCATCCAGCT-TGCAG-3'.
Autoradiography and Scanning
AGFA Curix (AGFA, Leverkusen, Germany) or X-AR (Kodak, Rochester, NY) films were exposed at -70°C with an intensifying screen for 1 O hr to 7 days.
Ai 1 footprints were confirmed by scanning. For each experiment, severa1 independent amplifications were performed by using LMPCR. No variation in band intensity was observed between amplifications. For quantitative evaluation, the films were scanned and the intensity of each peak was determined .
Plasmid Constructs
The wild-type promoter-P-glucuronidase (GUS) fusion construct was pMPl30, which contains the rab28 sequence from positions -393 to -60 fused to the cauliflower mosaic virus 35s -90 to +8 promoter in front of GUS and nosT (Pla et al., 1993) .
Mutants were constructed by recombinant PCR as described previously (Cormack, 1992) . The foilowing mutants were obtained (sequences from 5' to 3', with wild-type bases in uppercase letters and mutated bases in lowercase letters and the numbering relative to the transcription start point): ABRE A-, (- 152) CGCGCCtgcaGGGCATG TGGGCActCgagCGCGA (-126); and CE3-, (-128) CGACtCtaga-CagCTTG (-112). The ABRE A-B-mutant contained the ABRE Aand ABRE B-mutations.
The plasmid with ABRE A and ABRE B in front of a -90 35s promoter was constructed by annealing the oligonucleotides (sequences from 5' to 3', with rab28 sequences in uppercase letters and other bases in lowercase letters) agcttGCCACGTGGGagatct-gtcgacTCCACGTCTCc and tcgagGAGACGTGGAgtcgacagatcaCCC-ACGTGGCa. The double-stranded oligonucieotide was inserted in pMP130, which had been digested with Hindlll and Xhoi. The -90 35s promoter construct was made by cutting out the rab28 promoter of pMP130 with Sal1 and Xhol and closing the vector fragment. All constructs were confirmed by DNA sequencing. 35SSh-Vpl expresses VP1 under the control of a double 35s promoter and with an intron from the shrunken gene to increase expression. This plasmid is described by McCarty et al. (1991) . The plasmid pRT-exk-intls-LUC (Maas et al., 1991) was used as interna1 control in transformation assays. Callus was made from the maize line Black Mexican Sweet and maintained as described by Vilardell et al. (1990) with 3 mg/mL 2,4dichlorophenoxyacetic acid in the medium. Approximately 1 g of cal-Ius was spread on filter paper 1 week after replication and incubated overnight at 26°C in the dark. Four hours before bombardment, the callus was moved to medium with 200 mM mannitol. The callus was transformed by particle bombardment with 4 pg of the rab28-GUS plasmid and 2 pg of pRT-exls-intls-LUC as an interna1 standard or with 3 pg of rab28-GUS plasmid DNA, 1.5 pg of 35s-Sh-Vpl, and 1.5 p, g of pRT-ex/s-intls-LUC, essentially as described by Klein et al. (1987) .
Each sample was divided in two after transformation and incubated in medium with or without 100 pM ABA for 22 hr in the dark at 26°C before freezing in liquid nitrogen. Luciferase and GUS assays were done as previously described . Relative GUS activity is the reading of the GUS assay divided by the reading of the luciferase assay
Nuclear Extracts
Nuclear extracts were prepared from embryos, as described by . ( 1 988). An evolutionarily conserved protein aTtcAGACaagctt-3'.
binding sequence upstream of a plant light-regulated gene. Proc. The full-length oligonucleotides were purified by denaturing PAGE.
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of nuclear extract in 10 i L of 1 x binding buffer (25 mM Hepes, pH 7.8, 75 mM KCI, 5 mM MgC12, 0.5 mM EDTA, 0.2 mM DTT, and 10% glycerol) and 150 ng of poly(d1-dC) for 20 min on ice before loading on a 1 x Tris-borate-EDTA, 5% (30:O.a acrylamide-bis) polyacrylamide gel. Electrophoresis was at 10 V/cm at 4°C. In competition experiments, the nuclear extract was preincubated with the competitor in 8 pL of 1 x binding buffer and 120 ng of poly(d1-dC) for 10 min on ice before the radioactive probe was added.
